In this systematic review, we summarize the evidence on prognosis and prognostic factors of pediatric gastroesophageal reflux disease (GERD). A structured search of Embase and MEDLINE/PubMed (inception to April 2016) yielded 5365 references; 4 publications met our inclusion criteria (risk of bias moderate-high). Definitions and outcome measures varied widely between studies. The percentage of children with a diagnosis of GERD with esophagitis that had persisting symptoms and/or were on antireflux medication at follow-up (12 months to >5 years) ranged from 23% (weekly symptoms) to 68% (antireflux medication), depending on definition used. In children with a diagnosis of GERD without esophagitis, 1.4% developed esophagitis at follow-up (>5 years); none developed Barrett esophagus. In conclusion, prognostic studies on pediatric GERD are of limited quality and show large methodological heterogeneity. Based on these studies, we are unable to identify those children at risk for unfavorable outcome with regards to GERD symptoms or endoscopic complications.
G astroesophageal reflux (GER) is considered normal physiology in infants and resolves spontaneously in most cases by the second year of life. It is defined as GER disease (GERD) when it leads to troublesome symptoms and/or complications (1) (2) (3) (4) . The study of the epidemiology of pediatric GERD is restricted by the lack of consensus over the basic definition and of a well-validated diagnostic tool (5) . Epidemiologic estimates of the prevalence of pediatric GERD are based primarily on patient or parental questionnaire surveys on GERD symptoms, and vary widely according to the age group and population studied, ranging from 2% to 15% worldwide (3, 4, (6) (7) (8) .
Commonly held ''dogma'' by pediatricians is the belief that GER(D) is outgrown after infant or early childhood onset. Recent evidence, however, suggests that GERD in some subjects is a chronic, potentially life-long condition that begins in childhood and several studies suggest that the longer the duration of GERD symptoms, the higher the risk of persisting GERD symptoms and long-term sequelae such as Barrett esophagus and esophageal adenocarcinoma (9) (10) (11) (12) (13) (14) .
In this systematic literature review, we investigated and summarized the quantity and quality of currently available prospective, longitudinal observational studies on the course of GERD in otherwise healthy children with and without treatment.
METHODS
Databases of Embase and MEDLINE/PubMed were searched from inception to April 2016. In addition, reference lists of review articles and included studies were searched. No date or language restrictions were applied. The exact reporting guidelines as described in the PRISMA statement (www.prisma-statement.org) were followed. Full methodological information including a summary of the search strategy and study flowchart can be accessed online (Supplemental Digital Content 1, http://links.lww.com/MPG/B68).
RESULTS
The search yielded a total of 5365 references. After removal of duplicates, 3950 references remained and after screening the title and abstract of these references 22 publications were judged potentially relevant and after reading the full-text articles, 4 studies
What Is Known
Knowledge regarding prognosis and factors influencing the clinical course of pediatric gastroesophageal reflux disease enables health care professionals to provide accurate information and patient-tailored treatment.
No overview of prognostic factors in childhood gastroesophageal reflux disease exists in the literature.
What Is New
Only 4 articles of great heterogeneity were included, highlighting the lack of high-quality research for gastroesophageal reflux disease outcome in children. The percentage of children with a diagnosis of gastroesophageal reflux disease with esophagitis that had persisting symptoms and/or were on antireflux medication at follow-up (12 months to >5 years) ranged from 23% (weekly symptoms) to 68% (antireflux medication), depending on definition used. 
Study Characteristics
Study characteristics are described in Supplemental Digital Content 2, http://links.lww.com/MPG/B69 (12, (15) (16) (17) . The study of Orenstein et al (15) consisted of the placebo arm (n ¼ 19 patients) of a randomized, double-blind, placebo-controlled trial evaluating a histamine-2 receptor antagonist and a prokinetic agent, or both. The final analysis in the present study included 10 patients that did not require rescue treatment as mandated by the protocol and completed the 12 months follow-up visit. Two studies were retrospective/ prospective cohort studies and did not report baseline GERD symptoms and/or complications (12, 16) . It is unclear whether the children in these studies received treatment during follow-up; in one study it was reported that 21% of patients (261/1242) used acidsuppressive therapy within 30 days of initial diagnosis (16) . In the study by Shepherd et al, a prospective cohort study, all patients received positioning therapy, thickened feeds, antacids and bethanechol, metoclopramide, or cimetidine in case of esophagitis. For the present study, data are only displayed for those patients that had proven esophagitis (macroscopically) at baseline, as no clear symptom-based definition of GERD could be extracted from the article (17) .
Methodological Quality
All studies scored high or moderate risk of bias in at least 2 of the 6 domains (Supplemental Digital Content 2, http://links.lww. com/MPG/B70). Three of the four studies scored high or moderate risk in both the domains study participation and study attrition, indicating selective sampling of participants and high or unclear drop-out rates. There was moderate risk of bias in outcome measurement in 2 studies.
Prognosis
Results of unfavorable outcome with regards to resolution/ occurrence of clinical GERD symptoms and endoscopic complications are summarized in Table 1 . Three studies assessed the occurrence or persistence of GERD symptoms, related to outcomes of symptom questionnaires and/or to the patient's ongoing need for GERD treatment. Three studies assessed the occurrence of GERDrelated complications based upon endoscopy results, of which 1 study used histology to determine esophagitis/Barrett esophagus (15) , the other studies used the macroscopic appearance only (12, 17) . In summary, in the study by Orenstein et al (15) , GERD symptoms resolved in all 10 infants without any treatment; however, in all, biopsy findings remained abnormal based upon papillary height and/or basal thickness. In the study by Shepherd et al (17) , where 34 of 126 of the included patients had endoscopy-proven esophagitis, 24 of 126 (19.0%) required ongoing medication at 18 months of follow-up; all except 1 patient required surgical intervention. In the study by El-Serag et al, 23% of (18/80) patients had persistent weekly symptoms of heartburn and/or acid regurgitation at >5 years after initial diagnosis. Fourteen patients, of which 21% reported weekly symptoms, underwent follow-up endoscopy, and 3 of 14 patients showed erosive changes (n ¼ 2 mild and n ¼ 1 moderate erosion; no Barrett esophagus). Based upon the study of Ruigomez et al (16) in 1242 GERD patients without a diagnosis of reflux esophagitis at baseline, 18 of 1242 (1.4%) developed a registered diagnoses of esophagitis after mean follow-up of 4 AE 1.9 years; none of the evaluated patients developed a Barrett esophagus.
Prognostic Factors (n U 2 Studies)
Two studies analyzed 7 prognostic factors, using 8 different prognostic determinants in a total of 18 associations with the occurrence of GERD symptoms and/or endoscopic complications at follow-up (Table 2) (12, 16) . Prescription of proton pump inhibitors with or without histamine receptor antagonists at the time of initial consultation and the initial diagnosis (GERD or heartburn) were associated with a subsequent diagnosis of reflux esophagitis. Sex, age at onset of GERD, and number of visits to primary care physician were not significantly associated.
DISCUSSION
To our knowledge, no previous reviews on prognosis or prognostic factors of pediatric GERD have been performed. In the present systematic review, only 4 articles of great heterogeneity regarding definitions, populations, outcome measures, and followup periods could be included. With regard to these differences, the percentage of children with a diagnosis of GERD with esophagitis that had persisting symptoms and/or were on antireflux medication at follow-up (12 months to >5 years) ranged from 23% (weekly symptoms) to 68% (antireflux medication), depending on definition used (12, 15, 17) . None of the included studies made use of a control group, barring Ruigomez et al, which only included the control group for extraesophageal symptoms, hampering differentiation between persistent childhood onset GERD into adulthood, versus resolution of childhood GERD followed by new onset of adult GERD.
Although GERD-related symptoms resolved in the majority of the infants who did not receive any GERD medication at the end of follow-up in the study by Orenstein et al (15) , persisting histologic abnormalities were found in all at 12 months followup. This discordant finding of unresolved esophageal inflammation in the face of symptom reduction and/or resolution is in line with other studies, demonstrating that at first presentation, Barrett esophagus patients have little or no ''typical'' GERD-related symptoms (18, 19) . In contrast, in the study by El-Serag et al, where 57% (8/14) of patients that had follow-up endoscopy used GERD medication, this was despite the resolution of macroscopic esophagitis in the vast majority of patients, and none showed evidence of Barrett esophagus. Whether these patients were, however, actually having ongoing GERD, nonerosive GERD, or functional dyspepsia could only have been resolved by performing a pH-impedance study, which was not done in any of the studies included in this review. Last, based upon results of the study of Ruigomez et al, that included children in the primary care setting without evidence of esophagitis at baseline, only 1.4% developed a new endoscopybased diagnosis of esophagitis during minimum follow-up of 5 years and none showed evidence of a Barrett esophagus. No correlation with the presence of GERD symptoms at the time of endoscopy was, however, performed in the present study (16) . Based upon a large, cross-sectional, multicenter study of children and adolescents without neurodevelopmental or anatomical abnormalities presenting for upper endoscopy for nonurgent matters, the prevalence of endoscopic erosions and endoscopically suspected Barrett esophagus was 0.02% and 1.41%, respectively. The prevalence of histologygraded esophagitis in this same cohort, on the contrary, was much higher, namely 25.5%, and interestingly these patients reported significantly more GERD symptoms than patients without esophagitis, albeit this association did not remain significant in multivariable analysis (19) . It should, however, be noted that the diagnostic yield of endoscopy, both macroscopically as microscopically, in children with symptoms suggesting GERD is not well established (1) . Two studies in children undergoing endoscopy due to GERD symptoms respectively found erosive esophagitis in 35% (20) and histologic evidence of esophagitis in 13% of children (21) . Whether the cohort of Orenstein et al had a ''relapse'' or recurrence of symptoms after the time of follow-up, or that a longer follow-up is deemed to evaluate endoscopic healing, however, remains unknown. A total of 7 potential prognostic factors were studied, and there was a high level of variability with regard to which factors were examined in each study. The majority of evidence suggesting an association between prognostic factors and occurrence of GERD symptoms and/or complications was limited or conflicting. Although earlier age of onset was found to be related with the occurrence of heartburn and/or regurgitation in one study, it was not found to be related with the development of esophagitis in another study (12, 16) . Unfortunately, neither of the 2 studies assessed prognostic factors for heartburn and/or regurgitation and for esophagitis, hampering direct comparison between study results. Several retrospective adult cohort-based studies have shown evidence for a relationship between an earlier age or longer duration of GERD symptoms and the development of Barrett esophagus (13, 22) .
The present systematic review highlights the lack of highquality research for potential prognostic factors and GERD outcome in the pediatric population and shows that further research by means of large follow-up studies on prognosis of childhood GERD and its subsequent serious disease sequelae such as Barrett, erosive esophagitis, strictures, and even adenocarcinoma and factors of influence on prognosis is necessary. For future studies, we recommend using a uniform, world-wide accepted definition for the diagnosis of GERD as by the ESPGHAN/NASPGHAN clinical guidelines. Clearly, before health measures that address infant and childhood GERD can be adopted, additional natural history studies are needed to determine the long-term relevance of this diagnosis. Although factors such as patient age and comorbidities are not modifiable, others factors, such as tobacco exposure, body mass index, and dietary composition, might be (23) . If the risk of serious long-term GERD sequelae can be significantly reduced, or even eliminated by intervention in childhood GERD, cost-effective surveillance and/or screening and treatment strategies in ''at-risk'' pediatric populations could and should be rationally implemented in the near future. GERD ¼ gastroesophageal reflux disease; PCP ¼ primary care physician; H2RA ¼ histamine receptor antagonist; PPI ¼ proton pump inhibitor. Ã P value calculated manually by using X 2 test based upon original data (no level of significance specified in original study).
